There are a number of disorders which are almost exclusive to those infants who have been born prematurely and who have required supplementary oxygen and mechanical ventilation for survival. The incidence of these disorders, which include chronic lung disease of prematurity, necrotising enterocolitis, and retinopathy of prematurity, is thought to be related to damage by free radicals.' The premature infant is particularly susceptible to such damage because of the high concentrations of oxygen required to manage neonatal respiratory disease exacerbated by immaturity of the biochemical systems which exist to minimise free radical damage. 23 We are particularly interested in those parts of the antioxidant defences in premature infants which are amenable to manipulationthe dietary antioxidants -and a longitudinal study is currently in progress documenting the temporal changes in these factors and the relation between dietary antioxidant status, morbidity, and mortality in high risk premature infants. Before this long term study, a pilot study was conducted during which we observed extremely high plasma concentrations of vitamin C in some infants. 4 We are concerned that these high concentrations may seriously impair antioxidant potential. Free metal ions can initiate oxidative damage via the generation of free radicals. Ferrous iron is particularly active in this respect and damage by ferrous ions is normally minimised by the iron binding capacity of plasma transferrin and the ferroxidase activity of plasma caeruloplasmin. Concentrations of circulating proteins can be very low in the preterm infant5 and the damage by ferrous iron may be increased by transfusion of packed cells which will effectively increase concentrations of free iron and reduce transferrin and caeruloplasmin concentrations. This may be further exacerbated by the high concentrations of vitamin C which we have observed as in vitro studies, of lipid peroxidation have shown that the antioxidant activity of caeruloplasmin is impaired at high molar ratios of vitamin C to caeruloplasmin. 6 The importance of these interactions has not been studied in the preterm infant. We have therefore measured vitamin C, caeruloplasmin, and antioxidant activity of plasma at birth and observed the variation of these with gestational age. We investigated whether plasma antioxidant activity is influenced by the ratio of vitamin C to caeruloplasmin. We also examined the relation between plasma antioxidant activity at birth and mortality.
Methods

SUBJECTS
All infants of less than 36 weeks' gestation requiring intensive care were candidates for this prospective study. Infants were excluded from the study if they had significant congenital malformation or inherited metabolic abnormalities. The study was The concentration ofvitamin C in each plasma sample was calculated with reference to a standard curve.
MEASUREMENT OF PLASMA CAERULOPLASMIN Caeruloplasmin was measured using an immunoturbidimetric kit (The Binding Site Birmingham, product code NK045). The assay was automated for the Cobas autoanalyser.
A series of six standards from 13-75 to 440 mg/l was used to prepare a standard graph using a calibrator (pooled lyophilised human serum (preservatives 0-1% sodium azide, 0-1% E-amino-n-caproic acid, 0-1% thiomersal, and 0-1% benzamidine)) of known concentration diluted in isotonic saline with 0-1% sodium azide. Concentrations of caeruloplasmin in plasma samples were calculated using the standard graph and expressed as mg/I. This measurement was not made on samples from the first 14 infants recruited to the study, but as its potential significance became apparent the measurement was included in the biochemical analyses.
STATISTICS
The degree of association between any two variables was assessed using linear regression analysis. The independent contribution of Dmax to predict mortality over and above gestational age and birth weight was tested using logistic regression. Differences between groups were assessed using the Mann-Whimey U test or the Wilcoxon signed rank test, as appropriate (Statworks).
Results
Forty nine infants were recruited into this study (26 boys, 23 girls). Their mean (SD) gestational age was 29x6 (3-1) weeks (range 24-36) and birth weight 1380 (574) g (range 565-3430). Table 1 gives the values for plasma vitamin Gestational age (weeks) Figure 1 Association between antioxidant activity at birth and gestational age.
C, caeruloplasmin, and antioxidant activity at birth. The data were not normally distributed and therefore medians and ranges are given. All analyses on biochemical data were carried out on log transformed data. In addition to its role as an antioxidant, in some systems vitamin C can function as a prooxidant. The pro-oxidant and antioxidant functions of vitamin C depend on the system under study and the concentration of vitamin C. Gutteridge reported that the inhibition of the antioxidant activity of caeruloplasmin towards lipid peroxidation in vitro was determined by the vitamin C to caeruloplasmin ratio.6 Work conducted in this laboratory suggests that at concentrations measured in plasma from premature infants, vitamin C can show 80% inhibition of ferroxidase activity. '4 The method used for measuring plasma antioxidant activity is considered to be largely a reflection of the ability of plasma to remove trace amounts of iron. The strong positive correlation between the vitamin C to caeruloplasmin ratio and Dmax agrees with this interpretation of the assay. The fact that vitamin C showed a strong negative correlation with Dmn,, whereas plasma caeruloplasmin showed no significant association, suggests that vitamin C is a much more important determinant of plasma antioxidant activity then caeruloplasmin in premature infants at birth.
Short gestation was associated with high concentrations of plasma vitamin C, vitamin C to caeruloplasmin ratio, and poor plasma antioxidant activity at birth. Infants of very low gestational age, however, do not all die and analysis has shown that having corrected for these variables Dm remains a strong predictor of mortality. It is not clear from the work described here whether high vitamin C concentrations and poor antioxidant activity of plasma at birth play a part in the aetiology of mortality or whether they should simply be viewed as prognostic indicators. We are currently designing an intervention study with a view to examining the hypothesis that reducing the vitamin C to caeruloplasmin ratio as soon after birth as possible would improve outcome in premature infants.
In conclusion, some premature infants are born with low plasma caeruloplasmin and high vitamin C concentrations. High concentrations ofvitamin C in some premature infants at birth may modulate the ferroxidase activity of plasma caeruloplasmin. This effect may be an important factor in the mortality of this group.
